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PREFACE
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T™his report was prepared by the Air Force Engineering and
Services Center, Englneering and Services Laboratory at Tyndall
- AFB, Florida, under Job Order Number 20546B01 Bomb Damage Repair
Compaction Study. Data from this test resulted in recommen- !
dations to purchase vibratory rollers for the Alr Force Bomb
. Damage Repalr kits. Further research in crushed limestone
repalrs compacted with vibratory rollers was also undertaken. b
This work was accomplished during the period from Octoter 197¢ %

e, s

to September 1979

This report dlscusses the use of vibratory rollers in bomb
damage repalr. The report does not constitute an indorsement or
rejection of any specific roller for Air Force use nor can it be
used for advertising a product.

This report has been reviewed by the Public Affairs Office
(PA) and 1is releasable to the National Technical Information
Service (NTIS). At NTIS it will be availlable to the general
public including foreign nationals.

This technical report has been re
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SECTION I !
INTRODUCTION
BACKGROUND

High performance military ailrcraft depend on a high quality pave-
ment for launch and recovery operations. This dependency makes
the airfield a prime target for enemy attack. Consequently, the
rapld repair of weapon-damaged runways is a capability critical
to the prompt response required following an airbase attack.

This urgent requirement has led to the Rapid Runway Repair (RRR)
research and development program of the Alr Force Englneering and '
Services Center (AFESC), Tyndall AFB, Florida. e

e~ ————

Prior research in Rapld Runway Repair (RRR) has identified three
items pertinent to this study (Reference 1). The first item is
the importance of compactlion to an expedient repair. With the
possible exception of certain structural caps, expedient pavement
repalrs must be adequately compacted to prevent consolidation and
patch fallure. The second 1tem 1s concerned with compaction
equlipment. Fleld tests conducted by AFESC at the Tyndall AFB
Small Crater Test PFacility have demonstratea that current RRR
compactlon equipment 1is inadequate to provide proper compaction
for repairs without some type of structural cap (i.e., AM-2 mat).
The third item of research pertinent to this report is the pro-
mising performance of crushed stone (base course) as an expedient
RRR material. When adequately compacted, a 24-inch layer of
unsurfaced crushed stone is capable of carrying F-4 alrcraft
wheel loads. The problem with this repalr method 1s again with
the compaction. As mentioned above, current RRR compaction
equipment is inadequate due to the large number of layers required
and the consequently great amount of time required for
compaction.

In order for crushed stone to be feasible as a Rapld Runway
Repalr material, a rapid method of compaction 1is required.
Ideally thils compaction would be applied at the surface only of a
single layer of material. With this in mind, an in-house litera-
ture search of compaction was undertaken. The results of this
search 1lndicated that heavy vibratory rollers would have the best
chance of adequately compacting crushed stone to a depth of 24
inches or more.

OBJECTIVE

The objective of this testing program was to evaluate the perfor-
mance of heavy vibratory rollers for use in the rapid repair of
weapon-damaged alrfleld pavements. This information will be used
to determine specifications for compaction equipment needed to
upgrade the Alr Force Rapid Runway Repair kits at overseas bases.
The information from thils study will also be used to evaluate the




use of unsurfaced compacted aggregate for expedient pavement
repalrs. (s

APPROACH

Fleld tests and analyslis were conducted to meet the objective of
this testing program. Self-propelled vibratory rollers with
varying characteristics (drum weight, dynamic force, frequency,
and amplitude) were used to compact various layer thicknesses of
base course materlal. The parameters that were monitored were:

Material density.

Material moisture content.
Roller drum welght.

Roller dynamic force.
Roller frequency.

&= -
e o o o o

Based on the results of this initial testing, the most promising
rollers were used to make simulated crater repalrs using the base
course material. These repairs were evaluated with F-4 loadcart
trafficking.

s At the conclusion of the testing, the U. S. Army Engineer
F Waterways Experiment Station (WES) performed a literature search,
[ reviewed the data collected, and assisted in data analysis.




SECTION II
DESCRIPTION OF TESTS
TEST AREAS

The fleld tests were conducted at tnhe Air Force Engineering and
Services Center, Tyndall Air Force Base, Florida. The initial
roller evaluation tests were conducted under shelter in a
speclally-prepared test pit. The F-4 loadcart tests were con-
ducted at the Small Crater Test Facility at Tyndall Air Force
Base.

For the 1nitial roller evaluation tests, two 7-foot-wide by
45-foot long test lanes were constructed, separated by a 7-foot-
wlde buffer lane. Each 45-foot-long test lane was divided into
three 15-foot test i1tems, which contained crushed limestone at
three different molsture contents. Each lane had a 15-inch 1ift
of crushed stone placed on top of a well-compacted crushed stone
base. Filgure 1 shows a plan and profile of the test section.

One deep 1ift test was conducted, in which the performances of
the lightest and heavliest rollers were compared. The above test
section was dug out to a depth of 40 inches, and the two 45-foot
long test lanes were divided into two 22.5-foot test items
(Figure 2).

The Small Crater Test Facility, location of the F-4 loadcart
trafficking tests, was constructed to allow accelerated traffic
tests of various pavement repalr materials and designs. A clay
core 60 feet wide, 220 feet long, and 6 feet deep was placed and
compacted at a nigh water content to provide a weak test
subgrade. Twelve 1inches of crushed limestone were used as a base
course, followed by a 10-inch-thick portland cement concrete
pavement. Three 20-foot by 20-foot-square sections were left
open in the concrete to serve as test pits. The local dune sand
was stabllized with oyster shells to construct a sand fill around
the test site. Figures 3 and 4 provide plan and cross section
views of the test site.

The 20-foot-square test pits provided a location to construct
representative pavement repalrs. The depth to the clay subgrade
can be varied by adding or removing clay as necessary. Following
traffic on any test repalr, the repair materials can be removed
and a different repalr constructed in the same pit. For these
series of tests, the depth to the clay subgrade was maintained at
24 inches. :

VIBRATORY ROLLERS

Based on a literature search which preceded this effort, 1t was
determined that heavy self-propelled vibratory rollers (drum

e——— ———
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welghts 1in excess of 8000 pounds) may be able to adequately com-
pact 2~ to 3-foot layers of base course material in order to
carry tactical aircraft loads. As a result of this study, selec-
tion of the four vibratory rollers tested in this compaction
study was based primarily on theilr static drum welghts. The
Hyster 625B vibratory roller was also selected for its wide range
of frequency and amplitude settings. This roller was extensively
used to study the effects of varying frequency and amplitude (and
consequently dynamic force, which 1s a function of frequency and
amplitude) in the compaction of crushed stone. The rollers are
shown in Flgure 5, and the characteristics of the vibratory
rollers are listed in Table 1.

SOILS

The initial roller evaluation tests employed a l-inch-minus
crushed limestone with the following characteristics:

Gradation: See Figure 6

Specific Gravity = 2.81

Liquid Limit = Non-plastic

Plasticity Index = Non-plastic

Unified Soil Classification = SP-SM

Maximum Dry Density (Modified AASHO) = 146.0 pef
Optimum Moisture Content = 5.5%

The molsture-denslity relatlonsnip was determined in accordance
with the modified AASHO compaction control test (Reference 2).

The P-4 loadcart trafficking tests employed a llp-inch-minus
crushed limestone with the followling characteristics:

Gradation: See Figure 7

Specific Gravity = 2.76

Liquid Limit = Non-plastic

Plasticity Index = Non-plastic

Unified Soill Classification = SP-SM

Maximum Dry Density (Modified AASHO) = 147.2 pcf
Optimum Moisture Content = 5,7%

The laboratory compaction curves for both crushed limestones
typlcally showed a high dry denslty at zero molsture content, a
reduction in dry density as moilsture content increased to 2 to 3
percent, and then an increase in maximum dry density with

increasing moisture content. The compaction curve flattened out near
the maximum dry density, at which time free water also began

seeplng out of the compaction samples. Such double-peaked curves

are conslidered typical of cohesionless sandy soils (Reference 3)

and have also been observed in the past for crushed limestone
(Reference 4),
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Figure 5. RayGo 510A, Hyster 625B, RayGo 400A and RayGo 404B Vibratory Rollers
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The clay used for the traffic test subgrade was a local clay
obtained near Wewahitchka, Florida. This clay was placed at an
average molsture content of 27 percent and a California Bearing
Ratio (CBR) of 4. This strength was selected as a representative
lower bound for crater debrils backfill based on eight previous
crater repair fleld tests (Reference 5). The clay had the
following characteristics:

Gradation: See Figure 8

Specific Gravity = 2.61

Liquid Limit = 65%

Plasticity Index = 41%

Unified Soil Classification = CH

Maximum Dry Density (Modifled AASHO) = 113 pef
Optimum Moisture Content = 14.5%

NUCLEAR MOISTURE~DENSITY TESTING

All field denslty and molsture measurements were made with a
Troxler 3411B nuclear molsture-density gauge (Figure 9). Past
research has shown that the accuracy to be expected from nuclear
gauges 1is at least as good as conventional field methods, such as
the sand cone or water balloon methods (Reference 6). A moisture
correction factor was calculated for the nuclear gauge using
oven-dried moisture samples, and dry densities were calculated
using the corrected moisture contents.

Density measurements were made with the radioactive probe set at
4, 8, and 12 inches. 1In general, the average densities from these
three depths did not vary significantly from one another, so the
data analysis used only the 12-inch-depth densities. This repre-
sents the average density of the material between the probe
(source) at 12 inches and the sensor on the surface.

—— e e e .

CoemisBal.




ar Moisture-Density Gauge

Figure 9. Troxler 3411B Nucle




SECTION III

FIELD TESTS

INITIAL ROLLER EVALUATION TESTS

Soil Preparation and Placement

T™e 1 inch crushed limestone to be tested was spread out on an
asphalt mixing pad and elther allowed to dry or water was added
in order to obtain the desired moisture content (Figure 10). The
desired moisture contents were 0.0, 4.0, and 5.5 percent. The
molsture contents actually obtained ranged from 0.2 to 0.9
percent, 3.8 to 4.9 percent, and 4.9 to 7.7 percent. These
variations reflect the difficulty of controlling moisture
content, particularly at high levels, in free-dralining soils.

The mositure content of test items often decreased between the
beginning and the end of the test. In all following discussion,
the molsture content of a test item 1s defined as the molsture
content at the beginning of the test. Next the stone was care-
fully mixed to insure uniformity of moisture, and then placed in
the 15 inch dzep test pit. Figure 11 shows an International
Harvester TD~7 dozer with high-flotation tracks leveling the test
section prior to the start of testing.

Compaction

Two roller settings were tested simultaneously, one in Lane 1 and
one in Lane 2 of the test section. A total of 18 roller settings
were tested, which provided 52 individual test items. These set-
tings are given in Table 2. Nuclear moisture and density
measurements were generally made after 0, 1, 2, 3, 4, 5, 6, 8,
10, 14, 18, 24, and 36 passes of the roller. Test sites were
located near the center of each test item in such a way that no
two measurements were made at the same location in order to mini-
mize interference from previous probe holes.

The vibratory rollers were all operated at similar machine set-
tings that would allow comparison among the machines. This
information would hopefully yleld data on the effects of static
welght on the compaction of crushed limestone,

The effects of frequency and dynamic force changes on the compac-
tion of crushed limestone were studied using the Hyster 625B
vibratory roller. Frequency data was generated by holding the
amplitude constant (at setting #2) and changing the frequency in
increments of 300 vibrations per minute (vpm) from 1200 to 2400
vpm. Data on the effects of dynamic force changes was generated
by holding the frequency constant at 1800 vpm and performing com-~
pactlon tests at the four amplitude settings that were avallable
on the Hyster 625B.
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Figure 10. Adjusting the Moisture Content of the Crushed Limestone
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Figure 1ll. Leveling the Crushed Limestone Prior to Testing




TABLE 2

VIBRATORY ROLLER SETTINGS

DYNAMIC MOISTURE
FREQUENCY, AMPLITUDE FORCE, CONTENTS,
MACHINE VPM SETTING POUNDS PERCENT
Hyster 625B 1200 2 5000 0.5, 3.8, 6.4
1200 4 9500 0.6, 4.7, 5.7
1200 4 9500 2.6, 3.1 *
1500 2 9000 0.3, 4.0, 6.1
1800 1 7000 0.6, 4.3, 5.4
1800 2 13500 0.8, 4.1, 5.1
1800 3 19500 0.7, 4.0, 4.9
1800 4 25000 0.5, 3.7, 5.0
2100 2 18000 0.8, 4.1, 5.9
2400 2 23500 0.5, 4.6, 5.4
RayGo 404B 1200 HI 13500 0.6, 4.6, 7.7
1700 HI 27000 0.6, 4.4, 5.9
2300 Lo 27000 0.4, 4.9, 5.5
RayGo 400A 1200 - 17500 0.5, 5.1, 5.9
1500 -- 27000 0.6, 4.4, 5.7
RayGo 510A 1200 - 29000 0.4, 5.3, 6.8
1200 -- 29000 2.8, 3.2 *
1500 - 45000 0.7, 4.7, 6.5

* These test items were used to generate a moisture-density relationship
for the roller.
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Data Analysis

Frequency - When the frequency of forced vibrations of a vibra=-
tor coinclde with the natural or resonant freqency of tne system,
the amplitude of the displacements reach a maximum. There have
been numerous attempts to compact soils at their natural fre-
gquency to take advantage of this pheromenon.

Unfortunately, the natural frequency of solls is a variable and
not a unlque constant value. The natural frequency 1is affected
by the type of soil, its density and molsture content, the
roller's weight, the generated dynamic force, and the stiffness
and damping characteristics of the system. Since a unique reso-
nant frequency does not exist for solls, i1t is necessary to con-
sider resonance as a characteristic of a specific soill-roller
system rather than an index property of the soll. This makes it
impractical to rely on vibratory compaction in the fleld
occurring at the natural frequency.

Effective compaction can occur at frequencles other than those
causing resonance in the soll-roller system. Early investigators
of vibratory compaction generally agree that frequency 1s a key
parameter; however, no consistent recommendation on the selection
of frequency has come from these earlier studles. A recent study
by Yoo and Selig on vibratory compaction (Reference 7) uses a
two-degree-of-freedom model which is backed up by field testing.
This study predicts that drum displacements have two ngtural
frequencies: one malnly affected by the frame characferistics
and the other affected mostly by the drum. For increasing fre-
quencles above those two natural frequencies (which is the normal
range of operation) the drum displacement gradually decreases.

Frequency data for this study was obtained using the Hyster 625B
roller due to 1ts wide range of frequency. Figures 12 through 14
show the increase in density with increasing compaction for
crushed limestone at dry, medium, and high moisture contents,
respectively. These three figures show that, as the moisture
content increases, the density variations assoclated with varying
frequencles become smaller. Specifically, the dry density at 36
coverages of the roller varied by 4.9 percent for dry molsture
contents, 2.9 percent for medium moisture contents, and 2.2 per-
cent for high molsture contents.

The fact that frequency of a vibratory roller affects the soll
density has been well established by previous 1lnvestigators and
is borne out 1in Flgure 15, the data of which comes from Figures
12 through 14. However, these investigators' recommended fre-
quency for best compaction has varied from the resonant frequency
to the range of 0.5 to 2.5 times the resonant frequency to the
highest possible frequency (References 8 and 9). An examination
of PFigure 15 shows that it is not possible to provide a simple
rule to explaln the effect of frequency. With the current
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state-of-the-art, selection of the optimum frequency for a vibra-
tory roller on a given soil with a given moisture content 1is a
trial-and-error procedure. The optimum frequency for compaction
will vary with the characteristics of the roller, the propertles
of the soll, and the molsture content,

Dynamic Force - Most manufacturers provide a dynamic force
rating for vibratory rollers. Thils dynamic force 1s calculated
from the following equatlon:

F = Me °
where
F = force
M = mass

e = distance from center of gravity of eccentric mass to
center of rotation

= angular velocity of the rotating mass

Dynamic stress measured in the soil has been found to be a major
factor in densification using vibratory rollers (References 10
and 11). However, the nomlnal dynamic force calculated for
vibratory rollers by the previous equation is unrelated to the
actual forces acting on the soil. This 1s due to damping in the
roller and the soll and to the effects of inertial forces and
phase lag which will all vary depending on specific roller and
soll conditions. Attempts to rate the effectiveness of vibratory
rollers on the baslis of thils dynamlc force alone have not been
successful (References 12 and 13).

Tese problems may be at least partially explalned by Yoo and
Selig's compaction model, which predicts the force actually
transmitted to the soll will tend to level off to a constant
value at higher generated dynamic force values, as illustrated 1in
Figure 16 (Reference 7).

The Hyster 625B vibratory roller offered four amplitude settings ]
which provided a range of nominal dynamic forces from 7,000 to L
25,000 pounds, at a constant frequency of 1,800 vpm. Figures 17

through 19 show the change 1n density with increasing dynamic
force settings and at varying moisture contents. With the excep-
tion of a dynamic force setting of 13,500 pounds, the remaining
three dynamic force settings tend to result in very simllar com-
paction curves. This observation would support Yoo and Selig's
prediction that dynamic forces tend to level off to a constant
value. However, the variation of the 13,500-pound dynamic force

setting (ranging from low to high curves) seems to defy
explanation.
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In any case, the use of dynamic force as a means of evaluating a
vibratory roller's effectiveness can be very misleading and
should be avoided.

Moisture Content - The importance of molsture content in soil
compaction has been known, 1f not heeded, since the studies by
Procter in the 1930's. The results of this study once again
underline the importance of molsture content in soil compaction.

Figure 20 shows the densities obtained by two of the rollers
after 36 coverages as a function of moisture content. The den-
sity data are plotted at the molsture content just prior to the
start of compaction. Consequently, some of the wetter test sec-
tions drained during compaction, and the final moisture contents
are less than those shown in Figure 20. Also plotted on Figure
20 are the densities obtalned in the laboratory using the
modified AASHO method. The laboratory curve and the plot of
field data support previous conclusions by Fry and Burns
(Reference 4) that cohesionless aggregate wift less than 10 per-
cent fines 1s best compacted at the maximum molsture content
possible, or as dry as possible. Compaction in the 1.0 to 2.5
percent moisture content range should be avoided if possible.

Statlc Welght - Previous lnvestigators of vibratory rollers have
found that the static welght of the roller is the best availlable
indicator of performance for vibratory compaction of base course
materials (References 12, 13, 14, and 15). Such a conclusion is
not so easily reached based on the data collected in this study.

Figure 21 shows the density achieved after 24 coverages of the
vibratory roller as a function of the roller's static drum
welight. The curves connect the average density for each roller.
For rollers operating at a frequency of 1500 vpm, there is a
small increase 1in density with increasing roller welght. For a
1200 vpm frequency no trend is readily evident. The two smaller
rollers with nearly ldentical static welghts had average den-
sitles that were 1.6 percent apart. Thils difference 1s probably
due to elther scatter in the data or differences in the stiffness
and damping characteristics of the two rollers. (For these same
reasons, caution should be used in drawing any conclusions
regarding static welght from Figure 20, whlch shows the molsture-
density relationships for the RayGo 510A and the Hyster 625B.)
Looking strictly at the densities for the RayGo rollers shown in
Figure 21, and assuming that the stiffness and damping charac-
teristics of these three rollers are comparable, there 1is
apparently no slgnificant effect due to static roller welght at
1200 vpm frequency. These observatlions apply only to the 15-inch
1ifts of crushed limestone tested during the initial roller eva-
luation tests.

Deep Lift Tests - Previous investigators have often found that
vibratory rollers are capable of deeper compaction than conven-

tional equipment (References lzi/iﬁ)/and 16), but all tests have
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not unanimously supported this contention (Reference 13). The
ability to obtain density at depth is critically important in the
RRR mission and is a major question to be resolved in these
tests.

To evaluate the effectiveness of vibratory rollers in compacting
thick crushed limestone 1ifts, the lightest and heaviest rollers
were selected and operated at one of their best machine settings
(Hyster 625B: 1800 vpm frequency and ampiltude setting 4; RayGo
510A: 1200 vpm frequency). These rollers were used to compact
40-1inch 1lifts of crushed limestone. T™e average density from 0
to 12 inches, 12 to 24 inches, and 24 to 36 inches in depth were
determined with the nuclear density guage. These average den-
sitles were applied at the 6-inch, 18-inch and 30-inch depths,
respectively, for analytical purposes.

Figures 22 and 23 show the increase in density with increasing
coverages of the roller at dry and medium moisture contents,
respectively. For the dry crushed limestone the heavier roller
did a superior job of compaction at all depths, but this edge
over the lighter roller was insignificant for the crushed
limestone at a medium moisture content. Perhaps more important
in comparing the two rollers was the consistency of density
achleved by the heavier roller. The density at all depths was
virtually identical for the heavier roller at either moisture
content; the lighter roller varied up to 1.3 percent maximum den-
sity 1n compacting the dry and the damp limestone.

In general, the dry limestone seemed to be more affected by
vibratory compaction than was the medium moisture content
limestone. Also, while the heavier vibratory roller did a more
consistently superior job of compaction than did the lighter
roller, 1ts ability to compact thick 1lifts of crushed stone seems
clearly limited. Average density 1in the 24~ to 36-inch depth did
not exceed 88.6 percent maximum density; density in the 12~ to
24-inch depth averaged no more than 92.4 percent maximum density.

F-4 LOADCART TESTS

Description

Based primarily on the results of the deep 1ift tests with the
RayGo 510A and the Hyster 625B (the largest and the smallest
rollers, respectively), the two largest rollers (the RayGo 510A
and 400A) were selected for the F-4 loadcart tests. For these
tests 1 1/2-inch graded crushed limestone was placed in test pits
at the Small Crater Test Facility at various molisture contents.
T™e limestone was then compacted with 32 coverages of the roller
being tested. Note that the Troxler nuclear density gauge was
not operating properly durlng this phase of the testing, so only
sporadic data on density during compaction and trafficking is
available.
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After compaction, simulated F-4 aircraft traffic was applied
using the loadcart shown in Figure 24, which applied a 27,000
pound main gear load at a tire pressure of 265 psi. Traffic was
applied 1n an approximated normal traffic distribution over a 10
foot width, as shown in Plgure 25. The loadcart was driven for-
ward and back in the same wheel path prior to moving to the next
lane. A total of 96 pases of the gear load were placed on the

. test item to obtain 10 coverages of the loadcart in the center
L six lanes, elght coverages in the four lanes adjacent to the
center, and two coverages in the two outside lanes. This traffic
distribution 1is representative of actual aircraft traffic distri-
bution on a runway and avoids introducing a sharp discontinuity
between trafficked and untrafficked areas (Reference 17).

Table 3 summarizes each loadcart test. P-4 loadcart traffic was
applied until a three~inch rut developed, or until 150 coverages
(1440 passes) were achieved. Repalrs to the test items were per-
mitted 1if needed after 10 coverages (96 passes) had been applied.

Data Analysis

Seven tests were conducted which compacted a 24-inch 1ift of i
graded crushed limestone over a soft clay subgrade and then
trafficked the crushed stone with an F-4 loadcart. The lighter iy
of the two rollers tested, the RayGo 400A, was used in four tests E
with crushed stone at molsture contents ranging from 2.2 to 5.5 :
percent. The heavier roller, the RayGo 510A, was used to compact
crushed limestone at three moisture contents in the 4.9 to 5.7
percent range. Of the seven tests, four were termed either
fallures or marginal; three were termed successful, having
achleved 150 coverages (1440 passes) of the F-4 loadcart.

Plgure 26 shows the density of the crushed limestone as a func-

tion of coverages of the roller and the F-4 loadcart. The data

1s somewhat sporadic due to problems with the nuclear density

gauge. Nevertheless, thls graph shows that low density did not

cause the failures in the traffic tests. The highest density

achleved after compaction was a failure (the RayGo 400A at 5.5

percent molsture content), and one of the lowest densities after :
compaction was successful (the RayGo U400A at 2.2 percent molsture

content).

High molsture content seemed to be the common factor among the
fallures and marginal successes, all of which occurred at
molsture contents in excess of 5 percent. Looking at Table 3,
the RayGo 400A sufficlently compacted the crushed limestone at
moisture contents of 2.2 and 4.0 percent to carry F-4 loadcart
traffic. Each test item required only one repair to add more
material due to consolidation of the crushed limestone. However,
at moisture contents of 5.4 and 5.5 percent, the crushed
limestone falled almost immediately due to rutting. The com-
pacted limestone was very spongy under the welght of a person's
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TABLE 3
F-4 LOADCART TESTS

COVERAGES
FREQUENCY MOISTURE CONTENT F-4 LOADCART COMMENTS
1500 vPM 2.2% 150 One repair
4.0% 150 One repair
5.4% 2 Failure
5.5% 6 Failure
1500 VPM 4.9% 150 One repair
5.4% 54 Marginal,
one repair
5.7% 26 Marginal,

repair failed
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Figure 24. F-4 Loadcart
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foot, and water was observed running out of the pit. Similar
observations were made of the tests run with the heavlier RayGo
510A. At a moisture content of 4.9 percent, the RayGo 510A was i
able to compact the crushed limestone enough to support F-4 load- i
cart traffic. One repair was required to the test item to add ;
more material due to consolidation of the crushed limestone. ;
However, when the molsture content was at 5.4 and 5.7 percent,
the performance of the test item degraded to marginal. At a
moisture content of 5.4 percent, only 54 coverages (with an early . :
repalr to correct shoving problems) were applied before the test J
item failed. This failure was characterized by excessive shoving gj
and movement of the crushed limestone, whlch eventually led to

bogging down the F-U4 loadcart and rutting the surface. At 5.7 b
percent moisture content, the repair falled at 26 coverages in a

manner similar to the previous ltem. Based on these results, it
would seem that the heavier roller would be preferred due to its 1
lesser sensitivity to molsture, which is clearly seen 1in Table 3. !
At comparable molsture contents, the limestone compacted with the
RayGo 510A was capable of supporting significantly more traffic
than was limestone compacted with the lighter RayGo 400A.

The causes of the traffic test failures and near-fallures are
debatable. Tests by Nettles and Calhoun (Reference 18) have
shown that the base course material such as used in these tests
has very low permeability when compacted to high densities. The
low permeabllity of the tested aggregate when compacted to high
density may have resulted in pore pressures developing under
traffic, which, in turn, led to reduced soil strength and eventual
failure. Other possible explanations for the spongy surface
include over-lubrication of the aggregate particles by water, or
the dilation of the aggregate when sheared, which would permit
water to infliltrate the crushed limestone.

Figures 27 through 31 are surface profiles of the test items
taken along the center of the crater perpendicular to traffic
(the two failures were not profiled). These proflles show the
settlement of the crushed limestone during F-U4 loadcart
trafficking. Of particular interest 1s Filgure 29, which shows
that insignificant settlement occurs after 40 coverages (384
passes) of the loadcart. Based on this test (which was the first P
traffic test run), repairs to the test 1ltems were generally made
after 40 coverages unless required sooner.

These tests demonstrated that a vibratory roller can compact a
24-1inch layer of crushed limestone to sufficient density to sup-
port minimal F-4 traffic (20 to 40 coverages). 1In addition, the
effectiveness of surface repair and maintenance in extending the
1ife of the repalrs to 150 coverages or more has been
demonstrated. However, molsture content appears to be the criti-
cal factor determining success or fallure of a crushed limestone
repalir. This sensitivity to moisture can apparently be lessened
by going to heavier vibratory rollers.
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SUMMARY

The desired compactor for Rapid Runway Repalr (RRR) must be
capable of compacting a single loose 11ft of quallty base course
aggregate to support emergency operation of aircraft. The traf-
ficking tests indicate that it 1s feasible to accomplish this
with vibratory rollers.

The initial roller evaluation tests showed that 1t 1s possible to
take lighter rollers such as the Hyster 625B or the RayGo 404B
and, by adjustments in the frequency, equal or exceed the perfor-

.mance of the heavier rollers in 15-inch-thick 1lifts (Figure 21).

However, the current lack of understanding of vibratory compac-
tion prevents any predictions on performance at different fre-~
quency settings. Each roller-soll system would have to be
evaluated separately. This would require careful quality control
testing, which 1s out of the question for the emergency environ-
ment of a Rapid Runway Repalr scenario.

Looking at Figure 26, if the test with the RayGo 510A at 5.7 per-
cent moisture content 1s considered unacceptable, then 97 percent
modified AASHO density in the upper 12 inches would seem to be an
acceptable required density for expedient repairs using base
ceoarse materials. Tis is a considerable reduction from previous
recommendations of 100 percent in the upper 12 inches

(Reference 1). All of the rollers tested were capable of
achlieving thls level of compaction; however, there 1s no data to
evaluate the density requirements below the upper 12 inches of
the repair. Based on the results of the deep 1ift test during
the initial roller evaluation tests, the heavier rollers seem
better able to achleve significant density improvements at depth
under a wider range of molsture conditions. Additionally, the
F-4 loadcart tests showed that the heavier roller was less sen-
sitive to moisture content in the crushed limestone. With all of
the rollers tested, however, molsture control remains a critical
parameter in vibratory compaction. This poses a major problem in
RRR since repalrs may have to be made under wet conditions.

As expected, none of the vibratory rollers tested was a panacea
for RRR. However, the heavier rollers (RayGo 400A and RayGo
510A) seemed best able to compact crushed limestone under a
broader range of conditions than did the lighter rollers.
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SECTION IV
CONCLUSIONS

1. It 1s feasible to construct rapid runway repairs for limited
F-4 tire loads by compacting 24~inch-thick 1ifts of crushed
limestone base course aggregate with heavy vibratory rollers
(over 10 tons machine weight).

2. At least for rollers up to 17-ton machlne weight, the
heavier the roller, the better its performance for RRR.

3. Molsture control 1s critical for vibratory compaction of
crushed limestone for RRR. Excessive molsture will reduce the
nunber of aircraft passes the repair can support.

4, Te interaction of a number of parameters makes it currently
impossible to predict performance of different vibratory rollers
on different solls, or to even allow dependable recommendations
on frequency and amplitude (dynamic force) settings for the
rollers. The state-of-the-art remains trial-and-error tests of a
specific roller on a specific soll to develop optimum moisture,
frequency, and amplitude selections.




SECTION V
RECOMMENDATIONS
1. Tests should be conducted to determine:

a. Effect of low and intermediate molsture contents (0 and 3
percent) on the acceptability of crushed stone repairs.

b. Minimum number of coverages of the vibratory roller
required to compact crushed stone repairs for RRR.

2. Te requirement for Forelgn Object Damage (FOD) covers over
the crushed stone repalr should be investigated.

3. Other base course materlials besides limestone should be
tested for use 1n RRR repalrs. Special attention should be given
to materlals avallable locally to the eventual users (USAFE,

PACAF, etc.).

4. Testing should be conducted to identify an improved gradation
range of base course materials which will avoid or minimize
problems associated with high moisture contents while retaining
adequate strength characteristics to be used in RRR repairs.

5. Alternate means of compaction should be investigated. This
may 1nclude concepts such as:

a. Dynamic compaction (Reference 19).

b. Large vibratory plate compactors mounted on cranes,
backhoes, etc.

c. Use of a subbase such as sand which is more easily com-
pacted by vibratory equipment, or subbases/bases which can be
rapidly stabilized to reduce compaction requirements.
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NUCLEAR “OISTURE-DENSITY DATa

BOLLFRE HYSTER 625 'IFOY"“‘VI !lﬂ.
OYNAMIC FORCE: 5000

NUCLEAK MOISTURE-DENSITY DATA

ROLLEA) WYSTEN ©29M IQ'O?‘SS}I IOO
nvunnlc FAKCES 9500

STURE .vtRAGE D"v oCNslTV ¥y TSTURE. AVERAGE OWY DFNSITY

PASS » couttﬂ 0=4 -] 2% PAKS w  CONTENT 0=a" D=8n o-12%
] 5 138.% 138,7 139,9 0 oh 128,2 133,.0 134,86
) 3 j40.4 140,7 140,2 1 6 135.5 137.0 133,
2 «3 182.9 141,.9 142,1 4 ‘00 . 135,46 138,23 139,7
3 - L) 142,.1 162.0 139,.8 3 L) 134,2 138,08 138,7
. .t 142.3 142,0 1402 L] 5 136.7 137.6 138.6
s .2 142.3 142.9 ° 142,90 s ot 1387 140,23 143,98
[ ] 4 141.6 1642,9 16l.6 ® . o7 138,9 140,.2 140,0
L] «5 161.9 140,06 14445 L] o5 140.6 141.3 163,06
10 6 143.5 181.7 161,22 10 5 14l.0 141.6 - 140,9
le 5 145.48 145,.1 143,1 e 5 14,2 18).1 142.9
18 Y 163.6 164,4 13,0 1n 5 140,2 162,9 143,3
28 ) 165,7 164,.4 144,8 L3 S 144,.6 164,.1 16,7
3 3 145,99 105.‘3 146,3 L) ot 144,0 143,0 142,)

ROLLENS WYSTER 62%3 "'Oﬁax goo
S0

HOLLFRT nYSTFR AP6s rnrov‘qgv: 200

DVNA!‘IC 'M OVMAMIC 'ODC'I 9%00
MOISTURE AVE“AGE DRV DENSI"V MOTE TURE AVERAGE NDRY VENSITY

PASS ¢ CONTENTY Oes -] 2" PaSS & CONTENT LTS O=n" 0~12%
° .4 132.3 135,64 13400 o ot 125.7 179.9 130.1
] 3.7 134.1 135.7 136.3 i 4.5 130,7 133.1 132.8
] 3.8 139.7 137.8 1367 2 Y 133.0 135.3 135.¢
3 3.7 138.3 127.9 137.0 2 a3 138,9 1%6.0 137,9
. 3.8 138.8 138.9 137.7 . < 3.8 137.6 139.4 139,64
s 3.6 139.7 139,2° 1394 s 1.9 138,1 139.2 138.¢
¢ 3.4 138.9 139.4 139.2 6 1.6 137.6 139.1 14043
. 1.4 139.9 138,9 13941 '] 3.9 160.3 139.7 137,83
10 3.7 140,5 18,8 139.9 10 1.4 180.3 139.6 141.8
14 3.7 139.8 139.8 14).1 e 3. 141.2 142.3 1642.3
18 3.6 142,5 141.8 1613 18 3.6 183.4 162.2 142.6
2 . Y 164.5 143.) 141.3 26 3.6 148,3 103,7 141.9
% %7 1087 40,8 183.7 e 1Y 1aa,1 142,98 1612

ROLLFRS NYSTER 6256 ':‘f?‘“ﬁ:l 200

ROLLERS HYSTER o254 r:‘oy$aa§ roo
c onctx "0

nvnseic rouczx soes ovnEMI
ouss e SSUHERC o MVEMOEDNOBSHTL . B et oy,
0 hos 137.6 138.0 14646 0 5.7 134.2 136.8 13,0
i ael 138.7 139.2 137.8 i 4.9 13640 135.3 137.0
2 6.6 139.5 139.0 139.¢ 2 a7 138.6 139.7 139.8
3 - 8,9 141.8 160.2 141.0 3 4.n 130.6 1411 1410
. S.e 181.2 1el.2 139.9 . P 161.9 162,90 162.0
s 8.2 142.4 1610 13042 5 a9 141.6 162.0 143.¢
. 5.3 180.2 138.3 138.7 IS .. 163.0 1033 . 16347
'} 5.1 140.9 140.% 138.0 M Py 139.4 1a1.2 1022
1 8.5 181.7 140, 10149 10 a2 1403 1411 1018
e s.1 1e3.8 142.9 142.9 e 4.3 162.8 1a1.8 1e2.8
1 S.e 144,58 143.7 186,60 TS 42 182.8 16008 T
e 8.2 106.7 TY ) 143.9 > ) 168.9 1681 108,3
» 8.2 187.¢ 14,2 108.0 s o T 143.1 1e0.8
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NUCLEAR MOISTURE=NENSITY DATA

_ROLLEN WYSTER 6254 z::e*‘ssx: 1200

DYNAMIC FORCE: 9500

NUCLEAR mOISTUNRE=NENSTITY DATA

QOLLERS MYSTFk 625% FREQUENCY: 1500
t ‘“glyYUﬂit L o

NynamIC FORCE: 9000

DISTURE AVERAGE DRY DENSITY MOISTURE AVERAGE DRY DENSITY

Pass o CONTENY 0=6% 0=8n 0=12% PASS » CONTENT O=bn Qeie O=l2>
o 246" 130.6 132.7 132.% o .3 136.0 136.4 136.8
1 2.3 13%.6 135.3 13¢.8 1 .. 137.7 137.8 138.9
e 24 136.4 136,3 132.¢ 2 o 10,4 139,868 137.9
3 2.4 137.8 135.6 133.4 3 5 I LLIY Y 140.3 137,64
(] 2.6 136.6 136.0 134,95 . 5 161.1 160,2 138,.0
s 2.5 139.1 137.7 138.6 s o3 162.6 16l.e 181.0
. 2.6 138.3 138.6 138.2 6 .5 16202 181.0, 139.3
. 2.3 139.6 139.2 138.¢ . .5 139.2 139.6 181.8
10 2.6 138.6 138.6 1391 10 .. 180.6 181.7 162.7
18 2.4 138.0 140.2 139.7 1e .3 143.5 142.8 11,9
10 2.3 14243 162.0 181.6 18 .6 143.1 14143 1e1.8
Pe a4 163.8 143,64 1642.9 26 ot 143,9 143,) 102.9
7Y 2.3 146.1 143,04 142.0 %% o 106.2 1045 106.2

SOLLERY MYSTER 628K 'Q Oy‘ V 2..

DVMINIC OQCEI %00

L LR R P8R Fr NCYS )%
OLLFRS wWYST .~‘8?$un¥' [ 1]

DYNARIC FORCE: 9000

sass o SBUENC ol AVEMGESRYOEMSITY . age o GBLHYEE . AVERAGE,ONY vy,
L R 129.7 128.9 129.1 o 4.0 123.5 131.9 133,2
1 2.8 129.8 131.5 131.7 1 6.3 133.0 134.1 132.6
2 2.0 133.2 132.6 132.9% e 4,3 136.0 135.2 136,9
3 2.9 136,0 134,8 13601 3 4.5 136.2 139.9 136,5
. 2.8 135.0 135.3 133.1 . 4.0 137.6 138, 136.¢
[ 3.2 132.2 138,58 136,64 5 3.9 14001 140,2 138.7
® 2.8 137.2 137.)° 136.6 6 [ T9) 139,95 139.7 R 138.1
[ ] 2.0 136,.7 137,.5 136,93 L e, 141.9 138.9 139,
10 2.9 138,58 139,8 140.5 1e 4.l 139.5 138.0 137.2
14 1.1 139.7 1s1.1 141,7 ls 3.9 161.4 140.5 141.2
10 2.0 181.0 162,3 162.2 le 4.0 l1el.2 141,.1 138.4
e ?.08 1e0,.7 148,.0 184,06 26 3.9 143.2 142.4 181.7
_J 2.9 1ee,1l 166,95 143,90 o 3.8 184.0 144, 13,3

RULLFKE MYSTER @25 FﬂFaYsur;s 580

DYNSMIC FORCE: 9000

AVERAGE NHY DENSITY
D=t Nen

Pass o CONTENT
v el

1 hoe
2 6.9
3 62
. 60
S 8.7
® 8.5
L] 5,8
10 8.2
18 S.1
e 4.8
2e 4.0
» 43
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O=12%
13647 1%.0 136.9
137.0 177.0 137.0
137.7 137,% 137.8
140.8 129,.3 136.1
149,68 142.0 141,.9
143,90 12,0 162,0
16%.4 163, 143,90
1638 163.1 1648
142.0 182.0 13,3
166,40 143,9 162.)
163.9 166,0 103.7
| LI TS 143,¢ 148.3
1877 149,60 168,06
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NUCLF Al

WOPSTURE~VENSEITY DATA

NUCLEAN MNISTURE=-DENSITY DATA

QULLFHT WYSTEN 24 :zgev‘ﬂggz L1T] ROLLENT NYSTER 4284 ::;8?‘3g:: 500
NYNAMIC FORCET 7000 DYNAMIC FORCES 13900
wOISTuRE AVERAGE NrY DENSITY MOTSTUSE AVERAGE NRY DENSITY

Pa%S & CONTENT Nea®» O=pn o-12% PaSS 8 CONTENT O=bn Dotn [ L3 Y L
3 .8 133.4 135.5 135.2 [ A 132, 135,8 136,1
1 o 134.0 137.3 138,1 1 . 11,9 1.1 13e,8
2 o6 137,95 139.6 139,2 e .9 134,1 135.0 136.7
3 o 138,48 139.6 139.9 3 i ) 138,7 136.6 138,0
. o7 1387 139.4 160.0 . .8 137.3 138,48 137.9
5 o5 139.8 140.4 142.0 [ .8 138,1 137.7 137.9
IS .7 138,1 139.3 140,2 [ .t 138,8 138,06 - 137.2
L] .7 139,.4 13941 130.9 « .8 137,% 135,68 139.1
10 %4 140.2 139.8 14163 10 8 137.3 138,5 137,85
1e o7 181,7 181,06 160.% 14 .9 139,A 139,9 139.2
" Y 14,7 143,06 144,2 19 ] 142.0 140,8 1390,.%
>4 ) 163,4 143.6 143,9 ?4 9 162,1 181.6 139.5
LY o7 186,3 165,0 143,2 % o 144,0 142.8 162,85

SOLLFRE: MYSTER 25«4 :azev‘ug:: 800 ROLLFRE nYSTFR 6264 :I Q 3g:: (11
DYNAWIC FORCES 7000 nymAnic FaelE: 13800
Pass « COMTENT  gean'ERAGE LQY DENSITY 2w Pass » FOLTINYE (o AVERAGE DTN DENSITY e
[ -4,3 129.7 132,8 133.0 o [V 124,7 131.5 120,80
: 1.8 131.1 135,.1 134.9 1 a,0 1364,2 133,60 134,60
2 3.8 132.6 135.1 136.6 2 Y8 ] 135.5 135,0 13e,0
3 1.8 134,0 15,6 138.0 3 3.9 136.1 136.e 137.¢
. 3,4 134,9 135.1 135.¢ S 4.1 138,1 137,7 137.%
L) 3.7 134.8 135,.5 136.5 5 W) 137, 137.¢6 137.1
® 3.7 13402 137.0 139,90 ® 4.0 139,2 1389 138.1
] 3.5 138.7 139,2 1368.8 [ 1.8 141,68 181,1 141.9%
10 3.4 10,1 140,0 140.7 10 3.9 183,1 182,8 18201
1D .4 16241 142,0 140.3 1e a1 143.6 167,68 162,14
1s 3.5 140,9 141,7 14240 1n 4,1 143.3 184,5 164,.3
»s 3.2 162.5 143,0 14243 ?s 4.1 146,9 186,06 167,7
e 2.1 1431 162, 161.5 2 el 148,60 147,08 146.9

ROLLSR: HYSTER 6284 :zgeyg;a;; laoo DOLLFRS WYSTEN &PSH 5::3Y§~cv= 200

DYNANIC FORCE: T800

MoISTURE MVERAGE OKRY DENSITY

PaSS ¢ CNNTENT 0=4" Q~An 0=12%
[ R | 132.2 135.5% 136,95
1 5.0 13%.2 137.4 137,1
e 4.9 136,06 130,3 1393
3 4.9 137.6 140.0 139,80
. 4,7 139.¢ 160.3 139,.3
] 4,6 140.3 160,2 1391
[ 4.0 140.3 18).0 . 11,9
] 4,0 138,9 139, 138.6
1c 3.8 138,7 139,2 138.7
113 4,0 10347 143,.9 141,2
" .2 143.4 142.9 182,12
e 4,1 1481 164,3 144,2
» .2 16601 168,7 1603.3

VYNAMIC FARCES 13500

&

“MNTSTURE SVERAGE DRY DENSITY
PASS =  CNANTFNT Nes® n=hu 0=12%
° LS 131,60 1347 136.0
1 8.0 136.8 1377 139.¢
2 5.3 139.3 180,.3 100.9
3 5.4 162.R 162,3 16240
. LYY lea,0 142.3 14341
5 5.3 183,7 162.9. 14240
. 5.3 105,0 162.5 10241
" 5. 143.9 1e3.7 163.7
10 5.3 164,7 1602.7 103,0
e LYY | 146,31 164,0 164,.9
18 8.0 la7,0 184,46 148,8
2e L 187,9 108, 4 100,58
L) 8,0 188,) 180,8 168,0




NUCLEAR wOISTURE-NENSTTY DATA

BOLLFR: NYSTENR 625A rurov‘ v: )8e¢
AMPL
DYNAMIC FOWCE: 19500

NUCLEAR nOISTUNE-NEvSITY DATa

L] FRI1 NYSTER 6250 (L 0*‘ vt
oLL Au‘l .wc! 1 ‘.“
DYNAMIC FDRCE:s 29000

PASS & CONTENTT  noedVETAGE DOY OENSITY PASS o CONTENTE  gueaVERAGE DAY DENSITY .
[ c T 134,48 140,.1 138, 9 0 5 - 138,48 138, 7 137}
1 N 139,2 137.3 1640,7 1 .5 160,0 139,64 139,06
H Ny 139,.2 140,0 139.8 ¢ o7 13A,8 139.1 140,90
3 .5 138.1 160,7 160,60 3 N3 13,0 140.7 160.0
. ) 14240 140,.8 181.2 - 5 140,2 140.0 137,.1
L] o7 162.2 139.8 142,85 L 5 lel.8 141,68 1e1.2
[} N 164007 139,2° 161.0 (] .6 lel.6 161.3 ° 141.0

12 6 162.5 1641,9 141,89 Ve N} 182.3 143,.3 13,7
1] .5 142.9 144,2 144,0 T} h 166,3 143,9 183,.9
?e 6 144,2 164,.3 13,7 2e .6 145.6 144,2 142.9
e N ] 14101 143.1 1e2.7 e ) 147,11 146.9 100,80

ROLLFRE NYSTER A25A FR'O?‘NCV! 800
DYNAMIC FORCE: 19500

WOLLFHS WYSTFK 6294 Fn'ﬁ?‘!t': 1800
DYNAM]C rnacE' 25000

MOISTURE AVERAGE NhQy DENSITY 40 ISTURE AVERAGE NwY DENSITY

PaSS &«  CONTENT 0=6" Q=A% 0=12% PaSS 8  CONTENT Neaw [ LA O=]12%
0 _‘.Q 127.8 130.2 132.5 [} 3.7 132.2 133.8 134,)
1 3.0 132.1 135.0 134,4 1 3.0 132, 134,3 13e,.7
2 3.8 133.5 136,06 138.2 2 3.8 132.8 135.7 137.8
3 4.0 135.4 137.9 137.2 3 3.8 136.0 137.3 138,3
L) 1.9 136.5 137.2 136,98 . 3.9 137.3 137.4 138,90
) 3.8 138.6 138.2 137.6 L] 37 139.7 140,1 139,90
[ ] LI 139.4 137. T 137.1 a 3.7 14}.1 141,5. 139,89
12 3.7 1e0,7 1640,A0 139.9 12 3.6 139.8 139,3 140,9
0 J.A 161.3 181,7 141.2 15 3.5 143,8 143.6 141,.9
26 3.9 143.3 142.1 181.7 £ 3.7 142,3 143.2 142,7
3o J.0 187.0 .  lés,e 18),.9 3¢ 317 142,06 13,2 142.3

L] o ? FR nNCy: 16800
ULLERT NYSTER aP2%R l"EY‘U“’: s 0
UYNAMIC FORCET 19800

AOLLFRS HYSTER APSR Ly QY‘ Y3
lQSL 38(:
DYNAMIC FNNCE: 25000

“ L] AVEHRAGE NOY VENSTITY “MNTSTURE AVERAGE NRY DENSITY

PaSY & CONYT:NT Q=a" O=~R" Q=12% PASS ¢ CHONTENT et O0=R" 0=]2%
¢ a.u 137.9 136.7 134.8 a 5.0 132.3 133.5 13%.0
) a7 133.7 13,7 133.7 1 a7 135.6 137.1 138.0
P) ot 136.7 137.0 137.0 2 6.6 135.5 137.4 138.2
3 .. 1391 139.2 139.0 3 4.5 135.6 136.6 1370
- a.n 137.9 1306 138.0 . 4.2 138.5 137.6 131.2
® .7 139.7 180.9 14140 s P 139.8 119,7 19,7
" a.e 160,58 181.6  1e2.6 ) a7 139.6 140.7 °  140.8
12 ..? 163.2 1841 143.8 12 el 162.6 162.5 162.3
‘e 4.0 163,49 13,2 162.1 18 ah 164,5 143.4 141,7
?e 4. 108,0 18,2 102.9 ? .3 1460 103:8 143.3
L1 .2 1647.8 147.9 1e7.8 * .. 143,80 181.8 103.7




NUCLFal MOISTURE=DENSITYY DATA

QOLLFWE HYSTFR A2%u :::3?§=g¥§ 5

DYNA®]EC FORC 18000
AN TSTURE AVERAGE NWY OENSITY

PASS &  CNNTENT D=6 Q=pt Q=) 2
v -8 130,5 130,46 127.4
A .8 13%.7 132,4 133.0
4 o7 134,80 135,3 133.0
3 Y] 136l 133.4 136.1
. -8 133.7 13642 138.7
~ 1.} 136.3 132.3 134,1
[ 8 [ & LY% 138.0 137.1
[ -8 137.6 138,64 138.6
10 8 10,1 140.1 139.2
le oM 181.9 139.9 140,2
1+ -8 142.8 140.6 139.1
?s A 183, A 1s1.5 1641.3
ALY " 168,22 142,08 142.0

WOLLP RS SMYSTER APS~

astofiones

DYNAMIC FORCE: 1M000

NMIICLEAN MOISTUKE=DENSITY DATA

QOLLFR: HYSTEN 2%«

AVERAGE NKY DENSITY
N=st Dans -

FREQUENCY
‘"ELY‘UOLS
OYNAMIC Fn

2600
4
RCE 2

23500

0=12%

MOTSTUNRE

PASS » CONTENT
[} 5
1 o
H o3
3 o3
L] .3
S S
® 5
] o6
10 5
ts b
te 5
24 %]
Jo 3

ROLLFRT MYSTER 6758

12,0
142.3
164,7
141.7
145.1
144,2
163,7
13,7
146,9
144,13
146,06
19,2
151,9

143,32
142.1

lasa.1

142.9
145,48
140.9
145,2
145,2
143,7
165,64
146.7
189,.7
190.1

143,1
181,06
144,08
142,23
145.4
lea.7
145,04
145,46
162,9
les,.6
147.2
148,9
149,2

BBy gooe

DYNAM]C FORCE: 23500

AT ST AVFRAGE NWY DENSITY “yTSTUE AVERAGE NRY DENS]ITY
Paks 8 COMTENT (YL [ 2T 0=} 2% PASS = COMTENT O=a® 0=A 0=12%
o KYS B 129,0 10,6 131,06 o 406 137.4 138.3 136.6
) 2.4 13441 138.8 136.1 ) sl 137.a 139.9 1400
e L TR 135.9 137.3 136.9 F 4,0 138,0 19,0 137.2
3 4,7 138.7 1358,5 136.8 3 4. 137.3 139.1 139,90
- 4.9 139.5 140,0 140,.2 L) 4,2 139.1 140,3 138,¢
5 4.0 1s0.3 160,46 1640.2 S 4.2 1en,8 140,13 141,.0
[ ) 4.1 140,6 141.3- 140,06 [ ) 40l 140.6 140,8° 181.3
L] 4,1 143.3 143,0 143.2 ) 4.2 142.7 143.3 164,93
10 LN 144,7 143.1 143.8 10 6,0 164.2 145,1 13,2
1s .0 146.0 145,3 1648%,0 1e 6.0 15,6 144,7 148.1
(K 4,2 146.9 145,.9 148,7 14 4,1 144,.9 145,0 14600
?e 4.2 187.3 168,2 145,06 26 4,0 15,3 144,808 148.}
3o 6,2 146,90 145.5 147.4 3o 4.l l1e7.1} 188,4 163.5%

ROLLOWT WYSTER #2949~

eecihe s 8

NYNANIC FORCE: 1A000

DOLLFRE HYSTER 625w

ARESYRUEY D geoe

OYNAMIC FORCE: 23500

el CTung SVERAGE WY DENSITY MO 1S TUKE AVERAGE NRY DENS]ITY

®ac§ ¢ CUNTENT Nesn [ 27 1] 0=12% PaSS & CONTENT 0=an O=An 0=]12%
" LI 134,% 177,2 137,60 [} Seb 134.9 136.6 137.0
1 R - 180,1 140.9 140,808 1 6.3 136.9 138.3 139,2
2 5.6 103,31 140,.8 141,.3 e 8.3 139.3 140.2 138.1
3 L1Y) 162,58 140,85 1843.6 3 5.1 13h.0 139,.1 139,9
. 5.5 1a3.06 142.4 143.,2 L 5.3 141.3 140, A 16)ee
5 S.e 183,10 162,48 183,06 5 5.6 12,2 141.2. 161,.)
[ 8.9 143,9 143.4 162, [ 8.9 142.5 182.1 162.8
L] 5,2 164,2 143,0 ° 162.4 [} hel 143,7 143.0 146,.9
11 L] 164.0 162.2 143,0 10 S.4 1e4.0 143,7 148,)
s L] 145,00 13,1 18),2 1s 6.0 148,0 143,64 168,89
" 8.8 104,5 143,04 143,06 L] 5.9 145.9 164,.1 1a8,7
e L) 106,98 169.6 166,9 26 8.1 181.9 163,% 104,7
» L1 166.8 148,0 108,06 3¢ (YY) 149,90 168,.2 les.2

56

¢
}
:




NUCLEAR wOISTURE=DENSITY DATA

NUCLF 8K MOISTUSE=NFNSTTY DATA

“OLLFNE RAYRO a0eb :::2? 8?‘:: J‘?o wOLLER: RaAYHRU efag ::ggl 35:: 4‘7&0
DYNAMIC FORCES 13%00 DYNAMIC FOWCE: 27000
vacs o DT 0 AVERAGLDIN OBMSITY L pueo . SOLTRMYE oo VERAGE My oCasiY,
° L eh, 138,2 139.9 139,7 [ © sb- 13m,.2 138,60 139,0
1 . 149,1 139.3 161,64 1 o 13R.9 134.9 140,2
2 5 140.9 140, 8 1602.0 2 b 181, 1812 14l
3 5 160.6 141.3 141.1 3 .5 1414 141oh 142.0
- .. 140,90 140,9 141,68 . o 143,3 143.1 168,.9
s . 161,9 14),.2 162,) s . 142.3 142.6 140.6
[ 5 182.7 141,5- 141,60 7 Y 143.5 143.0 142.9
[ s 188,11 145,0 1a4,1 9 ot 143.5 144,46 164,1
10 s 143,3 144,0 146,2 13 .o 162,9 163,5 143,7
1 iy 166,7 144,5 145,1 " L} 1644,.7 145,.3 148,3
18 .6 164,0 144,9 16S,1 ?3 ) 147.0 166,7 166.0
L) o3 14%,3 16,2 148,6
BULLFNI WNAYRD afen :::31 3&:; éé&o RULLFHL RAYGO eden :::8; 35;: ‘&33
NYNAMIC FOKCE: 13500 . OYNAMIC FORCE: 27000
pacs o ;353:3#6 o_.:thaseogzz oe~sx;:l2. vaks ;31;;3:6 n-‘:v5nnszﬂgzx uEusxz!lz_
0 bob 137.5 137.7 137.6 o s 13).7 133.1 136,2
1 .3 138.2 139,5 180,58 1 .3 135.2 136,4 137,58
2 .3 139.8 139,46 139.5 FJ 4.0 136.2 136,1 139,0
3 4.3 139.2 160.5 141.3 3 4,1 137.9 139,0 13¢,08
. 4,0 140,46 119.4 139,98 . e.n 138.6 10,0 161,68
LY : W9 139.4 141.3 142.1 L 3.9 139.3 139,2 142.)3
°® 3.9 139,2 140.% 162,1 7 3.9 XL 139,64 141.9
[ 3.8 162.4 143.6 13,3 b a6 139,2 181.3 163,9
10 3.4 142.9 16s,3 143.7 13 W7 140, 143.2 144,7
‘e 3.7 143,.8 144,5 144.9 17 3.7 162.7 164,8 145.8
18 3.7 146,9 180,9 18,7 ?3 L 162.5 143,0 145,0
2e 3.6 100,2 104,2 1645.0
SOLLEME davAn anew  £OEOU onet 0 SOILFRI BAYGO efed  FHEOWCWCY! \Tgp
NYNAMIC FNNCE: 13%00 NYNAMIT FORCFS 27000
vass = E“l;:g;: n_‘:VtHAGEOQ:z DENSI;!l oass = ggl;;x:t 0-~ﬁ""°‘ng:z DEnsl;!l?-
. L% 2 140,58 140,1 139,9 « .9 129.6 132.2 131.5
1 hes 139.9 140.° 139,9 ) 5.2 131,.2 133,1 132.0
v LIS} 187,86 12,8 163.9 ¢ 4.8 135.7 134.8 136.9
K} [ ) 164,3 144,84 164,9 3 a7 130, 137,1 136.9
- Rew 105,3 145,58 166,2 'y (3% Y 136.0 13R,.1 139,2
L3 8,7 168,22 185,5 i 1644,9 - 4,2 138.3 139,4 181,7
. 8,2 144.8 Jes.s 145,7 7 8.2 1811 181,1° 18101
] a9y 166,.9 leb.1 145,) v 6,5 163, 163,R 1603.3
10 s 1a7,A 147.0 165,) 13 a7 162.9 142,04 102.6
1s (Y] 164,0 148,2 164,58 1?7 a.N 183,59 162.9 143,)
"w 3.9 1es,0 148,0 187.2 ?3 8,2 181,06 143,3 162,06
2e LY 160,06 166,2 167.1




NUCLEAN MOLISTURE-NENSTITY DATA

» FR: Me L
oLL Y60 soon ::ge”r"C,FVI 2300

32}
DYNAMIC Foe(‘:ﬁ 217000

STUNE AVERAGE DY DENSITY
TENT a=e" Qenn g-1

w wn e
* » 8 8 OV S UWUN-~DO

- N
*

s 137.5 136,06 139,86

- 135,0 139.9 140,3
5 134,3 138,95 1381
3 162.1 141.6 10,9
«3 143, 4 143,5 108,3
Y 144.0 163.8 . 164,1
3 142.0 143.4 62,7
3 12,1 143.9 146,06
) 163.4 144,3 142,9
3 143,1 145,0 168,2
b 165,9 15,2 145,5
o3 167,1 146.2 17,2
Y 145.4 146.9 168,

[/ LW Ravi na FRE NCYS
oLL 0 s0am OWUS; 2300

AM &1
m:hlc rmkfx 27000

NUCLEAR MOJ

ROLLERS RAYRO «00a

STURE=~DENSITY DATA
FuE Y
.-of?‘Sﬁc# ¢
DYNANIC FORCE: ) 7500

AVERAGE DRY DENSITY
'Yl LET 1 [ 2

“) [ STURE
PASS = CONTENT
[ 5
1 ‘o
2 g3
3 e
L3 6
5 )
6 ot
] 6
10 ot
14 b
16 o8
26 Y
36 3
48 1]

ROLLFRS RaYGO 400A

0= 12v
136.6 134,7 136.0
136.5 137,8 137,)
138.4 1348,8 135.0
138,8 139,2 102,
139.7 140,9 1816
1e0.7 142,1 162.6
149.5 11,8 162.9
140,7 142,2 ° 143.1
142.0 1438 103,89
148,2 184,06 143,7
146.2 163.5 168,7
145.R 164,5 166.6
106.2 164,8 104,08
148,7 148,3 149,90

fasorRcs: g

NDYNAMIC FORCE! 17500

suss o COMIN o AVERACE MY DENSITYL . yee o SRMINEE o AVERAOE,IRY OESIN,
° 4,9 130,3 131.2 132,2 [} S, 1 133.2 135,% 136,1
] 4,5 134,1 136.7 136, 1 5.0 133.7 13%,.1 134,2
e LY 137.3 137.8 137.7 2 4,8 138.3 138,06 137,08
3 LI 138, 2 139.0 137,2 3 4.8 138.2 139,1 138,¢
. 4,5 13R8,7 139.2 136.8 LY 5.2 1410 161,0 139,08
L] 4,5 139.9 139.4 138,7 S s.2 1411 140.2 181.1
L] 4,8 14240 141.3 140.0 & 5,7 1610 180,86 - 161,98
L 4,3 140,.6 141.3 161,2 L} LYY 14246 142,46 143.3
10 4,1 140,58 141.3 141,46 10 Y] 141,46 143,06 143,06
e 6,2 141.2 140.8 1431 14 4.4 144,1 166,0 143,99
e “.2 12,6 143,60 1643,0 18 4,5 144,90 144,0 104,0
?s 4,2 145.9 16¢.0 148,3 S 3.7 164.5 145,3 144,3
‘* 3.7 168, 6 188,.1 148.1 36 3.7 147.2 187.9 107,09
8 3.0 148,11 147,.3 187,6

QOLLERE RAYED aney ::sg?‘s%gg ig’.

NYNAMIC FORCE: 27000

AGTATUNE AVERAGE DRY LDENSITY

PaSS =  COINTENT Neah Q=An o=12%
[ 5,5 130.4 132.,3 133.6
1 L 138.3 1388 137.0
['4 8.9 139.7 139.1 138.9
3 S.n 181.6 180,2 139,.5%
. . h.0 14043 138,.6 138,7
L) LYY ] 140.3 139,6 140,83
® Sev 16044 140,5 140,85
” %.9 180,3 140,1 18l,1
10 8.6 143,A 181,06 14244
14 5.1 148.0 141,A 1624
1 S.4 14%,0 143,3 142,9%
Po 4,9 168,7 162,3 103.8
» [ ¥y} 107,% 1ob,9 167,9

ROLLFNE RAYGD 4804

:l ] U
NYNANIC FORCE: 17500

0 1STURE AVERAGE DRY DENSITY

PASS = CONTENT [ 22X 0=An 0=12%
0 5.9 . 131.7 134,95 136.9
1 LY} 133.9 13,2 137.1
e 5.2 138.2 138,5 136.¢
3 5.5 138.8 139,3 140,08
. 5,8 139.7 140,7 1640.2
5 5.8 140,1 140,23 141.3
6 5.6 16141 161.5 - 18100
L] S.2 161.2 141,6 162,)
1 5.4 161,68 161,7 1621
14 $.,6 142.7 142,9 162.9
10 5,3 1434 13,2 168,7
2 8,0 [ LI TS 104,46 100,1)
k1 4,0 168, 107,0 187,89
on 8,3 169,% 167,93 108,6

Pa

o

e

Yo T T
st R it i o Gl i et ot




MICLEAM MOISTURE-NENSTTY DATA

R
QULLFRE RAYSO o804 "';Lmﬁ?q: WO
FouCEr 27000

NYNAMT

NUCLEAR MOISTURE=NENSITY DATA

HOLLFRT RAYRD S]10A 'a" 1 o
A 3
NDYNAMIC FOKRCE: 29000

ouis o SDUTEE L vERASEAr oMY, ZUIME o AVEE,DE vewsiy,,
° s 132.0 134.3 138.0 0 Y S 137.48 136,7 136,)
] N 137.2 135.4 133.8 1 o5 139.5 138.] 138.5
2 . 136.3 135.8 135,60 2 5 139.9 139,3 139.9%
3 o7 135.5 136.7 137.7 3 o7 140.5 140.1 148,06
. .7 134.5 136.8 135.3 . . 140.3 162.2 1410.9
'y S 137.1 ‘33.3. 138.6 s Y 141.3 161.9. 162.2
I Y 138.3 138.8 138.7 [ 6 lal.s 142,0 182,85
[ o7 1e0.2 139.3 139.¢ a b 164,2 144,2 14204
1o .7 141.0 160.0 140.8 10 .0 142.3 164,1] 143.9
1e 7 141.6 142.0 1640.8 Te s 162.8 145.6 166,90
1a .7 16l.8 1al.6 141.6 18 o7 146,2 144,7 144,7
2e o7 163.2 160.6 139.9 74 o5 145.7 167.4 146.0
36 o7 16346 143.3 103.9 3o s 168.1 148,2 167.1
an N 1807 168, 4 146,86

HOLLF®: RAYSN a0Na :::f%;%‘: %00 ROLLENS RaYAO S]10A :a (] 3 00

ODynamif FanCE: 27000 NYNAMIC FORCE: 29000
N TS THRE AVERAGE NRY DENSITY MO 1STURE AvEﬂlGE‘ Nay DENSITY

PatS ¢ CONTFNT O=a™ O=ntt o-12% oass «  CONTENT Q-an O=H" 0=12=
o EYTS 131.6 132.7 133.3 Q 6.3 133.1 135.0 135.7
1 os 130.4 136,3 137.9 1 .6 1358 138.3 137.3
2 ach 137.3 138,00 1368.5% 2 boh 137.9 139.1 139,.2
3 4. 139.8 139.1 138,64 3 4,8 139.7 139.5 160.1
L) . 4,2 140,2 180,0 137.9 - 8,06 139.8 141,7 161.9
) a,) 142,2 141.2 140.7 s 4,7 141.2 141.6 142,2
. .1 162.9 160.7- 162.0 6 4.9 18123 141.5° 163.0
8 LY ) 162.6 141,1 168,1 8 4.7 143,.3 142.5 143.1
10 a3 142.3 14l1.6 1640,.9 10 4.9 142.7 143,64 144,2
16 4,3 143%.1 142,0 142,3 1e 4.9 144,46 143,A 144.9
[ L] 4,2 143,2 183,06 142,06 8 4.9 145.6 143.4 144,00
EL Y Y. 15,5 106.2 146,0 2e L] 106.4 16%,4 145.1
‘o 3.8 148,93 146,0 145,0 36 4,0 149,88 laf,. o 147.6
[Y.] .,5 180,46 188.1 187,06

NOLLERT RAYRN 4004 R
¢ . aeBoYRRE | {/1”
OYNAMIC FORCET 27000

ROLLFR: RAYSO S10a [L] NCY L
l"L"Uﬂgl ,
NYNSwIC FonCE: 29000

svss s EONFENTS o BVEMMOE,ML VEMSIIY,.  pags o GRISIMNE oo AVERAGE Dy ORsINT,,
0 S, 7. 134,0 134.4 13%,3 0 weB - 136.9 136.8 137.%
1 LYY 135.3 137.4 130,83 1 6e2 138,1 138,1) 139.6
2 .8 139,2 139.6 139,3 2 fet 139,2 136.7 139.2
3 8.9 140.9 140.2 160,06 3 6.1 139.9 138,7 140,90
. L) 182.9 141.5 141.2 - 5,9 140,7 139,.6 130.7
s 5,8 144,1 141.9 141.7 5 5.9 1821 141,8 142.2
. S.8 144,3 162.1° 141.9 [ 5.5 162,4 141.3 ° 1e2.8
[} .0 145,1 1843.3 7 163,2 [ 6,1 162.2 141,23 142,9
10 LIS 15,4 164,2 164,5 10 5.6 162.6 140,7 18141
e 8.2 146.3 1838 183.7 1e 6.5 1436 141,.3 142.4
1e 8.0 146.3 145.9 146,.8 16 L) 145,58 143,64 143,9
2 L) 146,7 15,9 104,08 ?e () 187.6 160,7 163,98
3 8.3 167,.0 148,08 108.1 n L) 149,7 168,7 167,8
an LYY 109,2 188.2 108,7
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NUCLEAR =01 STURE~DENSITY DATA

BULLFRE NBYAD SN)0A FREQLENCYL 1§yl

aAmMPL { gﬂf 3
NYNAMIC FORCES 20000

40 LS TUkE

WOLLF i RAYHU 104

NUCLFAP MOISTUZE=NENSTTY DaTa

"
LEOYRIGY ) AN
DYNAKIC FOuCES 45008

PSS & CUNTENY o_‘avenlccogzx oEusxgz‘z“ PASS a ERL?Eﬁ?f o_bzvcanogog:: °‘“"5!xz»
o 2,8 129.1 132.7 133.9 ) o1 132.6 133.0 132,¢
) 2,7 135.3 136.8 135,0 1 ot 136,10 136.8 137.2
2 2.7 135,1 136,0 136.6 P .6 1356 131.9 1379
3 2.5 138.1 1370 138,2 3 o 139,5 138.% 1380
. 2.8 137.3 137.6 138,23 . .6 139.0 134.0 130.9
5 1.0 138} 137.9 139.8 5 .6 136.9 138.5 138.3
¢ 2.9 139.5 139.9 _ 139.9 . .5 138.2 139.7°  130,8
8 2.8 1811 160.2 140,2 ® .5 139.8 1296 141.3

10 2.6 141.8 183.4 102,5 10 . 1e0.1 140,7 140.0
14 2.% 143.5 162.7 142,1 ia ot 182,1 143,0 144,90
1. 2.6 14,7 168.7 183.5 e .5 1e2.3 162.9 148.7
[L) 206 145.1 145,2 18,9 28 T le2.) 143,0 04,9
* 2.7 146.2 1658 108,8 * .. 168,80 166,0 148.2
ROLLFK: Pava0 sS1na i:sg?‘”ﬁ;; ‘a’. ROLLFRE RAaYBD )02 :::t 3F : | ]

NYNAMIC FORCES 29000

NYNAWIE FOKCEL AB0R0

w1 Tuwe AVERAGE DRY DENSITY 401 STURE AVERAGE NwY DENSITY
PakS o CONTENT Dot pean 0] 2% PASS w  CONTENY 0man [ 0=
. 22’ 126,7 131.0 132.5 ° ‘8T 130.3 136,06 138,09
1 2.9 1334 1334 135.4 1 4.3 137.7 138.6 139.4
2 2.9 137,86 13461 13648 ] 4,2 139.9 139.9 140,2
3 2.9 136.1 138.9 138,2 3 4.3 139,9 140,90 161,90
& 2.8 139.0 139,7 139.6 N 4.3 182.2 142.2 12,3
5 .0 137,8 138,31 . 160,2 5 a1 142.0 162.4 143,1
6 249 139.6 140,0 160,5 ® (381 141.5 143.2 162,6
[} 2.9 10,9 1sl.2 142.9 a 4,3 142.2 141.3 1e2.1
10 3o} 162,64 142.5 161.6 10 4,3 143.0 1462,7 143,60
14 2.9 143,88 144,9 146,3 1a 8,1 145,13 146,5 144,2
" 2.9 15,3 145,7 165,7 " 4,4 144,86 146,3 146,0
?s 2.8 164,77 146,06 165,06 26 4,5 145, 16%.5 165,08
36 3,0 146,3 166,5 145,46 3 4,6 146,3 168.5 166,90
AOLLFR:T RAYGOD S]ha & NeYt 800
?&?ﬁ?’g oates asees
MO TS TYYE AVERAGE NRY DENSITY
PAGS v CuNTENT- Dwan QmAn 0=12%
o heb 138.6 139.1 138,%
] 5.5 14140 139.5 139,89
2 5.3 140.5 139.2 140,90
3 ~et 14142 16041 140.1
. 8} 142.3 140.6 140,8
5 (%) 141.7 181.5 1391
[ 7.3 160.7 140,0 1390
» ~eQ 14249 160,6 lel,]
10 LYY 183,85 161,R 181,9
e 5,7 184,56 143,9 143,80
1 5,9 1a6,7 164,68 164,0
> .5 le?,0 142.7 108,.7
» 8,7 1e9,2 166,1 jeb,.0
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NOISTURE-DENSITY DATA WUCLEAR MOISTURR-DEMSITY DATA
LIFT TEST DEEP LIFT TEST
RMOLLER: HYSTER 625B  FREQUENCY: 1800 ! . HYSTER 6258 P . 1800
AMPLITUDE: 4 LLER REQUENCY
DYNAMIC FORCE: 25000 AMPLITUDE: 4
. : DYNAMIC PORCE: 25000 3
DEPTH OF DEPTH OF
MEASUREMENT,  AVERAGE MEASUREMENT,  AVERAGE
PASE § OONTENT INCHES DRY DENSITY PASS # CONTENT INCHES DRY DENSITY
o 0.7 0-4 131.3 0 4.9 0-~4 132.3
0-8 132.0 0o-8 134.2
0 - 12 133.4 0 -12 134.4
4 0.7 0-4 136.7 4 4.8 0-4 139.6
0-8 136.7 0o-8 139.4
0-12 138.1 0 - 12 140.2
12 - 16 128.4 12 - 16 131.8
12 - 20 127.9 12 - 20 135.1
12 - 24 129.0 12 - 24 135.9
24 - 28 122.1 24 - 28 132.8
24 - 32 124.9 24 - 32 134.6 .
6 0.7 0-4 137.1 24 - 36 135.3 W
0o-8 139.0 6 4.7 0-4 140.7 :
0 - 12 141.5 g - :2 i:;.; ;
e 0.8 0-4 140.2 - : e
0-8 138.0 8 ‘4.7 0-4 138.9
0-12 137.3 g -8 139.4
12 - 16 127.9 - 12 138.9
12 - 20 128.7 12 - 16 129.1
12 - 24 131.0 12 - 20 130.8
24 - 28 121.3 12 - 24 133.7
24 - 32 123.8 24 - 28 132.0
24 - 36 124.7 24 - 32 134.0
12 0.7 o- 4 1413 24 - 36 133.3
. o8 140.8 12 4.6 0-4 143.8
0-12 141.3 0-8 143.4 .
12 - 16 129.5 0~ 12 143.9 i
12 - 20 129.7 12 - 16 131.2
24 - 28 122.4 12 - 24 136.1
24 ~ 32 125.1 24 -~ 28 127.6
24 - 36 124.1 24 - 32 130.1
24 - 36 130.0
24 0.6 0-4 140.0 |
4. - .
0-8 142.1 ol 8 o: ; ’igi
0-12 143.2 0-12 142.8 :
2 0.7 0-4 138.6 3% 4.8 0-4 144.2
0o-38 140.9 0o-8 142.6 ﬁ
0 - 12 140.6 } 0-12 142.3
12 - 16 130.0 12 - 16 131.0
12 - 20 128,5 12 - 20 135.6
12 - 24 127.7 12 - 24 134.7 -
24 - 28 124.8 24 - 28 125.2 ;]
24 - 32 124.4 4 - 32 127.0
24 - 36 125.4 24 - 36 127.9 |
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WICLEAR MOISTURE-DEMSITY DATA

DEEP LIPT TEST

BOLLER: RAYGO 510A FREQUENCY:

1200

DYNAMIC FORCE: 29000

DEPTH OF
MEASUREMENT,  AVERAGE
PASS §  CONTENT INCHES DRY DENSITY
° 0.6 0-4 137.8
0-8 138.9
0 - 12 139.1
. 0.8 0-4 137.5
0-8 138.6
0-12 138.8
12 - 16 128.5
12 - 20 129.5
12 - 24 131.9
24 - 28 122.6
24 - 32 122.7
24 - 36 124.5
s 0.6 0-4 138.0
0-8 139 0
0-12 139.4
s 0.8 0-4 138.0
0-8 141.2
0 - 12 142.3
12 - 16 129.4
12 - 20 13141
12 - 24 129.7
2¢ - 28 122.4
24 - 32 125.2
24 - 36 125.9
12 0.7 0-4 142.2
0-8 142.4
0-12 142.0
12 - 16 131.6
12 - 20 133.0
12 - 24 132.8
24 - 28 125.5
24 - 32 126.2
24 - 36 126.6
24 0.7 0-4 140.4
o-8 141.2
0-12 144.1
% 0.8 0-4 145.0
0-8 145.8
0~ 12 145.3
12 ~ 16 133.1
12 - 20 133.1
12 - 24 134.7
24 - 28 128.2
26 - 32 128,9
24 - 3 130,3
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NUCLEAR MOISTURE-DENSITY DATA

DEEP LIFT TEST

ROLLER: RAYGO S10A PREQUENCY: 1200
DYNAMIC FORCE: 29000
DEFTH OF
MEASUREMENT,  AVERAGE
PASS §  CONTENT INCHES DRY DENSITY

o 4.5 0-4 131.2
0-8 133.1

0~ 12 136.2

4 4.8 0-4 141.7
0-8 140.2

0 -12 140.7

12 - 16 127.4

12 - 20 130.5

12 - 24 131.2

24 - 28 125.7

24 - 32 127.0

24 - 36 126.1

6 4.6 0-4 140.2
0o-8 140.5

0 -12 140.4

s 4.6 0-4 142.4
0-8 141.5

0-12 142.8

12 - 16 133.2

12 - 20 135.6

12 - 24 135.9

24 - 28 126.7

2¢ - 32 130.4

24 - 36 132.5

12 4.6 0-4 143.6
0-8 142.2

0 - 12 142.8

12 - 16 13L.5

12 - 20 135.0

12 - 24 133.3

24 - 28 120.4

24 - 32 128.5

24 - 36 129.9

24 4.4 0-4 145.9
0-8 144.8

0-12 145.0

3% 4.5 0-4 147.2
0-8 145.4

0 - 12 145.4

12 - 16 134.7

12 - 20 136.6

12 - 24 135.4

24 - 28 127.8

2 - 32 126.)

24 - 3 130.0
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